ABSTRACT A follow-up study of 162 men already working as insulators (laggers) In the first studies of insulation workers (laggers) in Belfast, the men who were still at work showed no gross evidence of disability due to asbestos exposure Langlands et al., 1971) . However, investigation of a group of men who had been employed in insulation work in 1940 revealed an unexpectedly high mortality (Elmes and Simpson, 1971) . The deaths in excess of those expected were due to lung cancer, mesothelioma and gastrointestinal tumours. There were also some due to pulmonary fibrosis in the earlier years. The men had been followed up to the end of 1966 and of the original 170, five were untraced and 98 had died. This paper reports the fate of the survivors and reviews the mortality experience of the. whole group to give a clearer picture of the health hazard of the occupation over the period .
In the first studies of insulation workers (laggers) in Belfast, the men who were still at work showed no gross evidence of disability due to asbestos exposure Langlands et al., 1971) . However, investigation of a group of men who had been employed in insulation work in 1940 revealed an unexpectedly high mortality (Elmes and Simpson, 1971) . The deaths in excess of those expected were due to lung cancer, mesothelioma and gastrointestinal tumours. There were also some due to pulmonary fibrosis in the earlier years. The men had been followed up to the end of 1966 and of the original 170, five were untraced and 98 had died. This paper reports the fate of the survivors and reviews the mortality experience of the. whole group to give a clearer picture of the health hazard of the occupation over the period .
Methods

THE POPULATION
The initial total population of Belfast insulation workers (laggers) in 1940 was 170 men. Details of the method of identifying them are given in the previous paper (Elmes and Simpson, 1971) . The survivors were seen at two to three-year intervals as part of a continous surveillance of all past and present workers in Northern Ireland whohad worked with asbestos. Their family doctors were informed of the possibility of asbestos-induced disease and were asked to keep the authors informed of any serious illness which the workers might develop; they were also warned of the obligation to report subsequent deaths to the coroner.
The cause of death was established as accurately as possible by reviewing the clinical notes and radiographs, and re-examining the post-mortem material where this was available. When there was doubt about the histological diagnosis, material was sent to panels of experts. During the last 10 years the majority of cases were referred to the coroner and the lungs sent intact for fixation and examination by one of the authors (PCE) as well as by the authorised pathologists.
The deaths observed were compared with those expected for men of the same age using figures for the relevant years provided by the Registrar General for Northern Ireland. Differences were regarded as statistically significant if the chance probability was less than one in 20. The conventional tests used are indicated in the text and in the footnotes to the figures and tables. In 1940 the men were aged from 16 to 66 years (mean 36-9 yr) and had already worked for up to 35 years (mean 11 3 yr) as laggers. Table 1 indicates the deaths which have occurred since then, in fiveyear periods, and the source of information on which the diagnosis was based. The information in the first two decades was based mainly on the death certificates but increasingly complete information has been accumulated since then. each five-year period is shown in Figure 2 . Again the deaths observed and expected are approximately equal for the first two five-year periods, but from 1950 to 1964 the ratio of observed over expected deaths is approximately 3:1 and highly significant.
After 1965 the ratio for deaths due to all causes is only 1-5:1 and the difference between observed and expected deaths within each five-year period is not significant. However there is still a significant excess if the two periods are combined (X2 = 7-2; p < 0-01).
CAUSES OF DEATH
The principal causes of death from malignant and fExpected number of deaths in those surviving from previous 5-year period (Cf. Fig. 2 ).
$Given incorrectly as 51-4 in Elmes and Simpson, 1971 . non-malignant disease are noted in In order to determine more precisely the excess mortality from cancer, a non-cumulative comparison was made between the deaths occurring during each five-year period of the survivors up to that time and an age-matched estimate for the general male population of Northern Ireland. Figure 3 shows the results for all types of cancer. Although the observed deaths are in excess of the expected deaths throughout the whole period, the difference becomes highly significant in the period 1950-54 (absolute probability <0 003). From 1950 onwards the ratio of observed to expected cancer deaths averages 7:1. There is no evidence of the decline in risk shown in the overall mortality (compare Fig. 2 with Fig. 3 ).
In the majority of cases the deaths from cancer in excess of those expected were respiratory in origin, either bronchial cancer or pleural mesothelioma (Fig. 4) . Between 1950 and 1954 the ratio of observed to expected deaths from respiratory cancer is 18:1 and the difference is highly significant (absolute probability <003). For the whole of the period 1950-75 it remains at an average of 15:1 and shows no evidence of a declining risk during the last 10 years. Cancers of the gastrointestinal tract and peritoneal mesotheliomas ( Table 2b shows that two of the 13 deaths due to nonmalignant disease which occurred before 1950 were attributed to heart disease, and the rest to respiratory disease; of these 11 respiratory deaths, two were attributed to asbestosis alone, two to asbestosis complicating tuberculosis and three to tuberculosis alone. In deaths than expected, from all causes (Fig. 2) . Over the same period there was an excess of 35 deaths caused by cancer of all types, leaving an excess of 17 attributable to non-malignant disease. It is perhaps a coincidence that, during that period, 17 of the deaths were attributed to asbestosis with or without tuberculosis. After 1964 the excess deaths are entirely attributable to malignant disease.
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EVIDENCE OF CHANGING RISK
In Figure 1 the survival of the whole group is compared with that of men from Northern Ireland. In order to determine whether certain variables were important in determining the excessive mortality, the exposed population was divided about the relevant mean and the experience of the two groups of 81 men compared in a similar manner. a) Date of starting work (dividing year 1933) to determine whether conditions in the early years were sufficiently different from those which existed later to alter the risk. The curves ( Figure 5 ) show no evidence of difference. b) Age of starting work (dividing age 25 years old) to determine whether first exposure when young produced a different risk from delayed first exposure. The curves showed no difference. c) Duration of exposure (mean 29 years) was more difficult to analyse because many men remained at work until they died; therefore early death was associated with short exposure. Even when deaths before the age of 45 (16 years until school-leaving plus 29 years' exposure) were disregarded, mortality experience for those with less than 29 years' exposure was greater than for those with more than 29 years' exposure ( Figure 6 ). Table 3 shows that workers who failed to complete 29 years' exposure suffered a relative excess of deaths due to asbestosis with or without complicating tuberculosis. Those who survived more than 29 years' exposure showed a relative excess of deaths due to asbestos-related cancer.
Had these simple tests for changing risk shown a real trend suggesting either an improvement in working environment or evidence of a dose-response relationship, further detailed analysis would have been indicated.
SMOKING
There were five non-smokers in the whole group; two are still alive aged 61 and 62 years, and one has died of a cerebral embolus. The other two have died of malignant disease but in one case the diagnosis is either a pleural mesothelioma or bronchial carcinoma and the other either a peritoneal mesothelioma or carcinoma of the rectum.
Discussion
The follow-up of a group of men until they have all died should give a complete picture of their occupational hazard. Difficulties can arise with the statistical interpretation of the results especially if the numbers are small. Because it is difficult to extend such studies beyond a single factory or town, unknown local factors other than the work en- vironment may be present. There are few published studies of this sort, therefore their value is unproved.
The study reported here is still not complete in that only 122 of the 162 men are dead, 24 more than had died at the time of the first report nine years earlier (Elmes and Simpson, 1971) . Has the additional information altered the outline of the hazard described in the first report, and will following the remaining 40 men change the outline?
The initial study demonstrated that the men were dying prematurely; the new information shows that although this excessive mortality has continued it may be less serious. It is unlikely that a follow-up of the remaining 40 will reveal any new hazard. However it should enable quantification of the risk of carcinoma of the lung and mesothelioma. It should also help to show whether the risk of asbestosis and alimentary cancer is no longer significant. It is not possible to estimate in retrospect the dust concentrations and types of asbestos to which these men were exposed. The hazard appears comparable tothat whichwaspresent in certain English asbestos factories before the introduction of the 1933 regulations (Knox et al., 1965; Newhouse, 1969) . The pattern of change in cause of death is similar to that described by Smither (1965) . This type of study is of little value in the establishment of a safety standard because it has been obvious for many years that the conditions under which these men used to work were far too dangerous. However this study does indicate that mixed exposure of this sort carriesa significant risk of bronchial cancer even when asbestosis is no longer a significant cause of death. For mixed exposure a standard based on the prevention of asbestosis may not provide adequate protection against neoplasia.
